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Description 
[DIAGNOSTIC GOLF CLUB SYSTEM] 

Cross Reference to Related Applications 

[0001] The present application is a continuation of co-pending 
U.S. Patent Application Number 09/892,141, filed on June 
25, 2001, which is a continuation-in-part application of 
U.S. Patent Application Number 09/753,264, filed on De- 
cember 29, 2000, now U.S. Patent Number 6,402,634, 
which is a continuation application of U.S. Patent Applica- 
tion Number 09/310,835, filed on May 12, 1999, now U.S. 
Patent Number 6,224, 493, which is hereby incorporated 

by reference in its entirety. 
Federal Research Statement 

[0002] [Not Applicable] 
Background of Invention 

[0003] Field of the Invention 

[0004] The present invention relates to golf equipment and, more 
specifically, to a diagnostic golf club having the ability to 



make quantitative measurements of specific mechanical or 
physical properties of the golf club during a golf swing. 
Strain gauges are provided on the exterior of the shaft of 
the golf club and a memory device is provided within the 
interior containing data descriptive of the measured prop- 
erties. 

[0005] Description of the Related Art 

[0006] Various data measuring and collecting devices and meth- 
ods are used for analyzing a golf club during a golf swing. 
In a similar manner, the effectiveness of a golf ball impact 
with the golf club during the golf swing can be measured 
in terms of initial launch conditions. Such launch condi- 
tions include the initial velocity, launch angle, spin rate 
and spin axis of the golf ball. These launch conditions are 
determined principally by the velocity of a club head at 
impact and the loft and angle of a club face relative to the 
intended trajectory of the golf ball's flight. There are two 
general methods for analyzing the golf club during a golf 
swing: visual analysis and quantitative variable analysis. 

[0007] The method of analyzing a golf club during a golf swing 
using visual analysis typically is conducted by a golf in- 
structor capable of visually discerning golf swing vari- 
ables, and suggesting corrections in the golfer's swing to 



provide improvement. However, not every golfer has ready 
access to professional golf instruction. The golfer also can 
diagnose certain swing faults using visual analysis 
methodology employing one or more cameras to record 
the golfer's swing and comparing it to a model swing. Us- 
ing various camera angles and slow motion play back, the 
actual swing motion can be reviewed and altered in sub- 
sequent swings. 

[0008] on the other hand, quantitative variable analysis employs 
sensors to directly measure various mechanical or physi- 
cal properties of the golf club during the swing motion. 
Sensors, such as strain gauges or accelerometers, typically 
are attached to the shaft or the golf club head. Data col- 
lected from these strain gauges then may be transferred 
to a signal processor via wires or radio waves, and can be 
presented in various graphical formats, including graphi- 
cal and tabular charts. A significant drawback associated 
with the use of wires in an instrumented golf club is that 
the wires can be very cumbersome, and can become ob- 
trusive to the golfer when the golfer attempts to swing the 
golf club. Several different approaches to analyzing a golf 
club or baseball bat during a baseball or golf swing using 
quantitative variable analysis are discussed in the patents 



listed below. 

[0009] For example, in U.S. Pat. No. 4,759,219, issued to Cobb et 
al., the specification discloses a baseball bat with a self- 
contained measuring device and display. A spring poten- 
tiometer is used to measure centrifugal force, and an LED 
or LCD displays the measured force. However, this bat 
does not contain any data storage capability. 

[0010] U.S. Pat. No. 5,233,544, issued to Kobayashi, discloses a 
golf club having multiple sensors, and a cable for trans- 
mitting data to a computer for data processing. This ar- 
rangement can accommodate up to 5 sensors in a car- 
tridge located in the handle region of the golf club. 

[° 011 ] U.S. Pat. No. 3,182,508, issued to Varju, discloses the use 
of a strain gauge in the bottom of a golf club, and a wire 
for connecting the sensor to a data processing means lo- 
cated separate from the golf club. 

[° 012 ] U.S. Pat. No. 5,694,340, issued to Kim, discloses the use 
of multiple sensors for measuring the acceleration of a 
golf club, and uses either a cable or radio transmissions 
to transfer data from the sensors to an external data pro- 
cessing means. 

[0013] u.S. Pat. No. 4,991,850, issued to Wilhelm, discloses the 
use of a sensor for measuring the applied force of a golf 



swing. The sensor data can be displayed on a wrist- 
mounted arrangement or be downloaded to a computer 
via cable or radio transmission. 
[° 014 ] U.S. Pat. No. 3,792,863, issued to Evans, discloses the use 
of multiple sensors, including an accelerometer and strain 
gauges, to measure torque and flex. Data is transferred 
from the golf club to a data analysis station via FM radio 
signals, with each sensor having its own data transfer fre- 
quency. 

[0015] Thus, data transfer to an external memory device is a sig- 
nificant drawback. The cumbersome nature of data trans- 
fer via cables or wires affects the motion and feel of a 
golfer's actual golf swing. In addition, while the use of ra- 
dio transmissions is preferable to the use of wires or ca- 
bles emanating from the golf club for transferring data, a 
transmitter adds excessive weight. The effective range of 
these wireless instrumented golf clubs is limited by the 
low power used in such embodiments, and the accuracy of 
the radio transmitted data is subject to interference or 
noise from other sources of nearby radio transmissions. 

[0016] Furthermore, in conventional systems, the receiving 

equipment typically must be located in close proximity to 
the radio transmitter disposed in the golf club thereby re- 



striding the flexibility and portability of using such sys- 
tems. Thus, it is desirable to provide an instrumented golf 
club that approximates the weight, balance and feel of a 
golfer's own golf club, in order to ensure that the data 
collected from the instrumented golf club is applicable to 
the golfer's actual golf swing. It also may be desirable to 
provide additional sensors for measuring certain parame- 
ters of a golf swing that have previously not been avail- 
able in instrumented golf clubs. It further may be desir- 
able to provide an efficient means of memory storage 
within the instrumented golf club to enable internal data 
capture and storage until the user is ready to download 
the data for further processing. It further may be desirable 
to provide data from the instrumented golf club for golf 

club design. 
Summary of Invention 

[0017] The diagnostic golf club of the present invention com- 
prises an internally powered and instrumented golf club 
with multiple sensors to measure, store, and provide an 
external display of quantitative variables of a golf club 
during a golf swing. A distinctive feature of the diagnostic 
golf club of the present invention is the use of a data 
storage memory device located within the shaft of the golf 



club, which is capable of receiving and storing data re- 
ceived from the plurality of sensors located on the club. 
The use of an internal memory device eliminates the need 
to use radio transmission hardware, data cables or wires 
to transfer data to an external data processing means. 
This also allows a golfer to swing the instrumented golf 
club without getting entangled in cables or wires, thus 
better allowing the golfer to replicate his or her natural 
golf swing. 

[0018] | n a preferred embodiment, swing data in the form of dig- 
itized signals are stored in a non-volatile flash buffer 
memory. The use of non-volatile memory insures that 
data is not lost if the system is turned off or in the event 
the battery fails. Because a ring buffer memory is used, it 
is still possible to replace older data with new data during 
successive cycles. The use of a ring buffer memory device 
provides for the creation of an instrumented golf club that 
is lightweight and free of cables or radio transmitters. Us- 
ing a linear data capture approach, as taught by the prior 
art, would require extensive amounts of memory, and 
would make it very difficult to provide such memory re- 
quirements completely internal to an instrumented golf 
club. It is through the use of the ring buffer memory that 



one is able to efficiently capture the desired swing data of 
interest, such as impact with a golf ball, and eliminate the 
need to provide internal memory to capture data unre- 
lated to a golfer's swings. 

[0019] Furthermore, since the ring buffer memory captures only 
the desired swing data of interest, data for multiple 
swings can be stored in the memory device of the instru- 
mented golf club of the present invention until the user 
decides to upload the information to a computer unit for 
processing. Uploads can be effected via an interface 
mechanism located within the shaft. The interface pro- 
vides for the electronic communication of data between 
the golf club and a computer unit. This provides increased 
flexibility and mobility to the user since the user is not re- 
quired to stay within close physical proximity to the ex- 
ternal data processing means. 

[0020] | n addition to the internal memory device, electronic cir- 
cuitry consisting of a circuit board comprising a power 
control circuit, a signal conditioning circuit for the plural- 
ity of sensors and a serial communication circuit are lo- 
cated within the hollow interior of the shaft. Having these 
features incorporated into the circuit board allows down- 
loading of high-level digital signals as well significantly 



reducing noise corruption and enables data to be stored 
indefinitely on the club. Locating the circuit board and 
components within the shaft also increases protection 
from shock loadings typically experienced upon ball im- 
pact when the circuitry is placed upon the golf club head. 

[0021] | n addition, incorporation of an internal power source for 
the instrumented golf club of the present invention is pre- 
ferred for providing the benefits of flexibility and mobility. 
The internal power source can also be used to provide a 
proper weight balance, or swing weight, for the instru- 
mented golf club, thereby closely approximating the 
golfer's own golf club. Although the internal power source 
can be placed in various locations within the instrumented 
golf club, in a preferred embodiment, a battery tube and 
one or more batteries are located within the shaft. 

[0022] a preferred embodiment of the instrumented golf club 

system of the present invention comprises a first plurality 
of strain gauges located at an exterior tip end of the golf 
club shaft. A second plurality of strain gauges are located 
at an exterior butt end of the golf club shaft. In a pre- 
ferred embodiment the plurality of strain gauges comprise 
two sets of three rosettes. Each rosette group containing 
gauges having a central bend gauge and two crossing 



shear gauges. The rosette groups are arranged such that 
they form six individual Wheatsone bridges. Additionally, 
while it is preferable to locate individual rosette groups 
120° from each other rosette group, those skilled in the 
pertinent art will recognize that distribution locations of 
the strain gauge rosette groups around the exterior 
perimeter of the golf club shaft is not critical and that dis- 
tribution may be adjusted to achieve a desired placement 
distribution without departing from the scope and spirit of 
the present invention. 
[0023] The system further comprises a circuit board positioned 
within the interior of the shaft comprising a memory cir- 
cuit for storing the strain measurements, a power control 
circuit, a first signaling conditioning unit for the first plu- 
rality of strain gauges, a second signaling conditioning 
circuit for the second plurality of strain gauges, and a se- 
rial communication unit. The circuit board is connected 
via a first plurality of wires to the first plurality of strain 
gauges and via a second plurality of wires to the second 
plurality of strain gauges. A power source as previously 
described is positioned within the interior of the shaft for 
providing power to the circuit board the first plurality of 
strain gauges and the second plurality of strain gauges. 



[0024] Once the swing data has been obtained by the strain 

gauges and stored in the memory, a processor may re- 
trieve the stored memory from the instrumented golf club 
via an interface mechanism used to permit communication 
from the instrumented golf club to the processing unit. 
The retrieved data can then be used to provide a shaft flex 
profile for a golfer. 

[0025] Furthermore, the strain and bend measurements stored by 
the instrumented golf club system of the present inven- 
tion may be converted to a variety of measurements in- 
cluding axial force, transverse shear forces, bending mo- 
ments, and torsion of the club during the swing. These 
measurements can also be used to generate a shaft flex 
profile for a golfer. 

[0026] Through the use of an external data means, the instru- 
mented golf club system enables quantitative swing data 
to be captured, transferred to the processing means, and 
then presented in any number of graphical, tabular or 
other visual formats to provide a golfer with meaningful 
feedback regarding the dynamics of a golf swing. 

[0027] | n addition, the instrumented golf club system of the 
present invention can be used as a design tool for golf 
clubs including investigation of such variables as club 



head geometry, shaft dynamics, structural material be- 
havior and type and location of weighting materials. As an 
example, the effect of different club head weighting loca- 
tions can be measured for a wide range of golf swings to 
provide improved performance within this range of 
swings. 

[0028] Accordingly, it is an object of the present invention to 
provide an instrumented golf club capable of measuring 
and storing data within the instrumented golf club without 
the use of an intermediate conduit such as external data 
transfer cables, wires or radio transmissions, thereby al- 
lowing greater flexibility and mobility to a user of the in- 
strumented golf club. 

[0029] it i S a further object of the present invention to provide an 
instrumented golf club with non-volatile memory so that 
the memory is not lost if the club is turned off or the bat- 
tery is removed. 

[0030] it is a further object of the present invention to provide an 
instrumented golf club capable of converting a series of 
strain measurements to a series of force and bending mo- 
ments in order to generate a shaft flex profile for a golfer. 

[0031] Having briefly described the present invention, the above 
and further objects, features and advantages thereof will 



be recognized by those skilled in the pertinent art from 

the following detailed description of the invention when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0032] pig. 1 is a perspective view of an instrumented golf club 
system in accordance with an embodiment of the present 
invention comprising an instrumented golf club, an asso- 
ciated interface mechanism and an external computing 
means. 

[0033] pig. 2 is a top perspective view of an instrumented golf 
club head in accordance with an embodiment of the 
present invention illustrating a predetermined XYZ coordi- 
nate system. 

[0034] Fig. 2A is an illustration of shaft bending planes of the in- 
strumented golf club in accordance with an embodiment 
of the present invention. 

[0035] Fig. 3 is a perspective view of the shaft of the instru- 
mented golf club in accordance with an embodiment of 
the present invention. 

[0036] Fig. 4 is a view of a segment of the instrumented golf club 
shaft as defined by the area IV-IV in Fig. 1, and shows two 
strain gauge of the rosette group on a front surface and a 
strain gauge of the rosette group in phantom on a back 



surface. 

[0037] pig. 5 is a view of the triplet strain gauge elements as ar- 
ranged about the exterior circumference of the shaft of 
the instrumented golf club in tip and butt ends.. 

[0038] pig. 6 is an illustration of the forces acting upon a typical 
strain gauge element in the instrumented golf club of the 
present invention.. 

[0039] Fig. 7 is a chart illustrating the relationship between the 
strain, stiffness and force/moments for the data collected 
from the strain gauges in accordance with an embodiment 
of the present invention. 

[0040] Fig. 8 (8A, and 8B) shows a flow chart illustrating the op- 
erational steps of the instrumented golf club system in 
accordance with an embodiment of the present invention. 

[0041] Fig. 9 displays sample initial values for all strain gauges. 

[0042] Fig. 10 is a graphical presentation of data recorded by the 
strain gauges located at the butt end of the shaft of the 
instrumented golf club during a typical golf swing. 

[0043] Fig. 11 is a graphical presentation of data recorded by the 
strain gauges located at the tip end of the shaft of the in- 
strumented golf club during a typical golf swing. 
Detailed Description 



[0044] pig. 1 illustrates an instrumented golf club system 2 com- 
prising an instrumented golf club 10, an interface mecha- 
nism 18 and a computing or data processing means 28. 
The instrumented golf club 10 comprises a grip 12, a 
shaft 14, a club head 16, a first plurality of strain gauges 
20 located on the exterior 25 portion of the shaft 14 
proximate the butt end 27, and a second plurality of 
strain gauges 21 located on the exterior 25 portion of the 
shaft 14 proximate the tip end 26, as further described 
below. Data measured by the first plurality of strain 
gauges 20 and second plurality of strain gauges 21 is 
transferred from the instrumented golf club 10 to the 
computing means 28 via the interface mechanism 18. The 
interface mechanism 18 comprises a connection plug 18a 
and a serial interface device 18b. The connection plug 18a 
has a plurality of pins 19 for connection to a plurality of 
receptors (not shown) within the shaft for electronically 
communicating data from the instrumented golf club 10 
to the data processing means 28. 

[0045] when connected, the interface mechanism 18 provides 

external power to the instrumented golf club 10. The data 
that is collected by the instrumented golf club 10 is trans- 
ferred to the computer means via the interface mechanism 



18. 

[0046] The golf club head 16 may be any type of conventional 
club head since the strain gauges 20 and 21 are located 
on the shaft 14. In a preferred embodiment, the club head 
16 is composed of composite material such as disclosed 
in U.S. Patent Number 6,248,025, filed on December 29, 
1999, entitled Composite Golf Club Head And Method Of 
Manufacturing, and which pertinent parts are hereby in- 
corporated by reference. However, those skilled in the 
pertinent art will recognize that other materials, such as 
titanium, titanium alloys, stainless steel, amorphous met- 
als, persimmon and the like, may be used for the club 
head without departing from the scope and spirit of the 
present invention. Regardless of the material chosen for 
the club head, the golf club 10, when combined with the 
circuitry and electronic elements, should approximate the 
weight of a standard golf club. 

[0047] The club head 16 is preferably a driver. However, the club 
head may be a fairway wood, an iron (1-iron through 
9-iron), a wedge (lob, sand, pitching and approach) or a 
putter. 

[0048] The shaft 14 may be anywhere from 35 inches for a 

wedge to 50 inches for a driver, and is preferably com- 



posed of a graphite material. However, the shaft may also 
be composed of steel titanium, or a bi-material. The shaft 
14 has a wall 22 that defines a hollow interior 23. The 
shaft 14 has an interior surface 24 and an exterior surface 
25. The shaft 14 has a tip end 26 in proximity to the club 
head 16 and a butt end 27, opposite the tip end 26. The 
shaft 14 also having an opening 31 to the hollow interior 
24 located at the butt end 27. The shaft 14 generally ta- 
pers in its diameter from the butt end 27 to the tip end 
26. 

[0049] pig. 2 is a top perspective view of the club head 16, com- 
prising a top 30, a heel region 32, a face 34, a toe region 
36, a rear region 38 and a ribbon 40. A right-hand coor- 
dinate system is used, and is illustrated by the designa- 
tion of the X, Y and Z axes in Fig. 2. The X axis is oriented 
vertically (at address position) from a soleplate 54 (as 
shown in Fig. 3) to the top 30 of the club head 16. The Y 
axis is oriented horizontally (at address position) from the 
toe region 36 to the heel region 32. The Z axis is oriented 
horizontally (at address position) from the face 34 to the 
rear region 38. 

[0050] pig. 2A is an illustration showing a first bending plane 49, 
and a second bending plane 51, wherein, the central axis 



of the shaft 14 (not shown) defines the intersection line of 
the first bending plane 49, and the second bending plane 
51. The first bending plane 49 is aligned with the face 34 
of the club head 16, and the second bending plane 51 is 
at a 90° angle, or orthogonal, to the first bending plane 
49. 

[0051] pig. 3 illustrates the golf club shaft 14 of the instru- 
mented golf club system 2 comprising a first plurality of 
strain gauges 20 consisting of a set of three rosette 
groups 20a, 20b, 20c (in phantom) located on an exterior 
25 butt end 27 of the shaft 14 for providing axial and 
strain measurements during a golf swing. Additionally, a 
second plurality of strain gauges 21 consisting of a set of 
three rosette groups 21a, 21b and 21c (not shown) are 
shown located on the tip end 26 of the shaft 14 for pro- 
viding axial and strain measurements during a golf swing. 

[0052] a circuit board 46 is located within the hollow interior 24 
of the shaft and is comprised of a memory circuit 48 for 
storing strain measurements, a power control circuit 50, a 
first signal conditioning circuit 52 for the first plurality of 
strain gauges 20, a second signal conditioning circuit 54 
for the second plurality of strain gauges 21, and a serial 
communication circuit 56. In a preferred embodiment, the 



circuit board 46 is located approximately 10" down the 
shaft. However, one skilled in the art would understand 
that the location of the circuit board 46 is not critical and 
that placement could be varied to accommodate weight 
adjustments in different club types. Locating the electron- 
ics within the shaft helps to further protect the instru- 
mentation from shock loadings that electronics mounted 
on the club head typically experience upon impact of the 
golf club with a golf ball. 

[0053] An internal power source 58 is also positioned within the 
shaft to provide power supply to the circuit board 46 as 
well as to the first and second plurality of strain gauges 
20 and 21 respectively. 

[0054] An LED 60 is located on the exterior 25 of the shaft 14 to 
notify the user that the instrumented golf club system 2 is 
powered up and to signal upon each successive hit that a 
triggering event has occurred. 

[0055] pig. 4 is a view of a segment of the instrumented golf club 
system 2, as defined by the area IV-IV in Fig. 1, and 
shows a first plurality of strain gauges 20. This first plu- 
rality of strain gauges are located on the exterior circum- 
ference of the shaft at a position proximate the butt end 
and comprising a set of three rosette groups. The first 



strain gauge group 20a, the second strain gauge group 
20b, and the third strain gauge group 20c (in phantom). 
Individual strain gauges are comprised of a triple element 
having a central axial gauge and right and left crossing 
shear gauges such that when grouped the nine strain 
gauges from six Wheatstone bridges. 

[0056] a first plurality of wires 62 is used to connect the first 

plurality of strain gauges 20 to the circuit board 46. At a 
triggering event, such as the golfer"s swing, each strain 
gauge input receives a signal referred to by a channel 
numbered (0-11). Each channel number references a 
recorded variable, such as butt bend, butt shear, tip bend 
and tip shear for each strain gauge. 

[0057] The first plurality of wires 62 connect the individual strain 
gauge groups 20a, 20b and 20c to the circuit board 46 by 
first connecting to the circuit board 46 and then running 
along the interior portion 24 of the golf club shaft 14, ex- 
iting the shaft 14 via an exit hole 100 located below the 
butt end 26 of the shaft 14 and connecting with the indi- 
vidual sets of strain gauge groups 20a, 20b and 20c lo- 
cated on the exterior 25 butt end 27 of the shaft 14. 

[0058] The shaft 14 has an opening 64 at the butt end 27. The 
shaft 14 has a hollow compartment for placement of a 



power supply therein, electronic circuitry, sensors, and 
necessary wiring. A cap 76 is used to cover the hollow 
compartment of the shaft 14. In a preferred embodiment, 
the power supply is a battery tube 78 containing at least a 
first battery 80. The battery 80 provides internal power for 
the instrumented golf club 10. Preferably, a protective 
casing is located within the shaft 14 for placement of the 
battery 80. 

[0059] The shaft electronic circuitry board 46, which may be one 
or two boards, includes the internal memory device 134, a 
non-volatile buffer memory, a main microprocessor 136, 
power control circuitry 120, signal conditioning circuitry 
121 for the strain gauges in the butt end 27 of the shaft 
14, signal conditioning circuitry 122 for the strain gauges 
in the tip end 26 of the shaft 14, serial communication 
circuitry 124, filter circuitry 126 for the strain gauges, and 
an analog to digital converter circuitry 128. The shaft 
electronic circuitry board 46 is a typical power circuitry 
board. 

[0060] The placement of all of the electronics in the shaft 14, as 
opposed to the club head 16, allows for the use of multi- 
ple club heads 16 in order to analyze a golfer's swing for 
different clubs. Further, the components in the shaft 14 



are modular, and thus are easily replaceable if damaged. 
Such replacement is performed via the opening. 

[0061] a second plurality of strain gauges is also located at the 
tip end 26 of the golf club shaft 14. This second plurality 
of strain gauges 21 are located on the exterior circumfer- 
ence of the tip end of the shaft comprised of a set of three 
rosette groups being a mirror image of the strain gauges 
located at the butt end of the shaft. The first strain gauge 
group 21a, the second strain gauge group 21b and the 
third strain gauge group 21c. The individual strain gauges 
are comprised of a triple element having a central axial 
gauge and right and left crossing shear gauges such that 
the rosette groups from six Wheatstone bridges. 

[0062] a second plurality of wires 63 is used to connect this sec- 
ond plurality of strain gauges 21 to the circuit board 46. 
At a triggering event, such as a golfer's swing, individual 
strain gauge inputs receive a signal referred to by a chan- 
nel numbered (0-11). Each channel number references a 
recorded variable, such as butt bend, butt shear, tip bend 
and tip shear for each strain gauge pair. 

[0063] a second plurality of wires 63 connects the strain gauge 
groups 21a, 21b and 21c to the circuit board 46 by first 
connecting to the circuit board 46 and then running along 



the interior 24 portion of the golf club shaft 14, exiting 
the interior 24 of the shaft 14 via a second exit hole (not 
shown) located below the butt end 26 of the shaft 14 and 
running along the length of the exterior 25 of the shaft 14 
to connect with the second plurality of strain gauge sets 
21a, 21b and 21c located on the tip end 26 of the shaft. 
This second plurality of wires 63 connecting the second 
plurality of strain gauges 21 from the tip end 26 of the 
golf club shaft 14 are preferably glued to the exterior of 
the golf club shaft 14, however, the second plurality of 
wires 63 may also be affixed to the shaft 14 by any other 
means including mechanical, that are commonly used in 
the art. 

[0064] Detailed Description of a Preferred Operation 

[0065] pig. 5 is a view of an individual strain gauge group 20a as 
arranged about the circumference of the exterior of the 
shaft 14 of the instrumented golf club 10 of the present 
invention. Six independent strain gauge elements are 
needed to make essential measurements in order to cal- 
culate the six independent forces and moments. These six 
individual elements are axial force (Px), transverse shear 
forces (Vy) and (Vz), bending moments (My) and (Mz) and 
torsion (Tx). Fig. 6 is a view of these forces acting upon a 



typical strain gauge of the present invention. 

[0066] D a ta obtained from the independent forces and moments 
acting on the shaft at the tip end 26 and butt end 27 are 
computed from the strain data received via the sets of 
strain gauges and from the information obtained relative 
to the shaft stiffness matrix at each location. These stiff- 
ness matrices are obtained using experimental or analyti- 
cal techniques well known in the art. Once obtained, the 
values are entered into the computer program and the 
data is converted from strains and bends to loads and 
moments. The relationship between the strain, stiffness 
and force/moment is illustrated in Fig. 7. 

[0067] pig. 8 is a flow chart illustrating the steps of operation of 
the instrumented golf club (as shown in Fig. 1) of the 
present invention. The entire flow chart is shown in two 
sections, Figs. 8A and 8B. Prior to initial use it is neces- 
sary to load the programming software into the instru- 
mented golf club. First, at step 202, the computer pro- 
gram is activated at the computer. The club is then con- 
nected to the computer via a probe and at step 204 in- 
quiry of the club status is displayed. In the event, as in 
step 206, the display indicates that communication be- 
tween the club and the computer is off-line, the user 



should verify the connection of the interface mechanism 
between club and computer. When the status indicates as 
in step 208 that the communication is on-line, the user 
should select load round from the club. 

[0068] At step 210, data is then transferred from the club 

through the interface to the computer processor. Once the 
data is transferred, at step 212 the engineering menu may 
be enabled by typing CTR-ALT-E. 

[0069] The user will then be asked at step 214 to set the trigger- 
ing protocol for the club. At step 216 verification of the 
real time clock is performed and at step 218, the probe is 
removed from the club and installation of the battery pack 
is performed. 

[0070] | n pig. 8B once the probe has been removed and the bat- 
tery pack installed, at step 220 an LED located on the 
shaft 14 indicates that the swing analysis program has 
been activated and that the club has been powered up for 
use. At step 222, the LED indicates that the program is 
ready for a triggering. 

[0071] At step 224, the golfer swings the club. The swinging of 
the club indicates to the strain gauges that a triggering 
event has occurred, and at step 226 the LED will display 
the occurrence of this triggering event. 



[0072] At s t e p 228, the data received by the strain gauges with 
respect to the bending and shear moments will be stored 
in a non-volatile ROM memory. 

[0073] At step 230, the user may reconnect the interface mecha- 
nism between the instrumented golf club and the com- 
puter in order to facilitate the download of information 
from the club to the computer for processing. At step 
232, data from both the first plurality of strain gauges 20 
and the second plurality of strain gauges 21 is down- 
loaded to the processing unit. 

[0074] The processor at step 234 then calculates the six inde- 
pendent forces and moments from the strain gauge mea- 
surements. The forces and moments are then used to de- 
termine an appropriate shaft flex profile for an individual 
golfer at step 236. 

[0075] pig 9 comprises sample initial data values when the in- 
strumented golf club 10 is in a ready state, before the 
triggering event of the golf swing and impact with the golf 
ball has occurred. The top of Fig. 9 indicates the values of 
the calibration constants at various locations along the 
shaft used in calculating the values for the data obtained 
during the collection of the sample data. The first twelve 
columns indicate the values of the twelve strain gauge 



channels received from the pairs of strain gauges located 
either on the tip end or the butt end of the club. The next 
six columns indicate the calculated values of the six inde- 
pendent forces and moments for the strain gauges lo- 
cated on the butt end of the shaft and the last six 
columns indicate the calculated values of the six indepen- 
dent forces and moments for the strain gauges located on 
the tip end of the shaft. 

[0076] pig. 10 and Fig. 11 illustrate sample displays of data col- 
lected from a portion of a typical golf swing of the instru- 
mented golf club 10 illustrating the calculated forces and 
moments both before impact and after impact on the butt 
end 27 of the shaft 14 (Fig. 10) and tip end 26 of the shaft 
14 (Fig. 11). The data is collected from the channels and 
then converted to values in terms of forces and moments. 
These forces and moments are displayed in graphical rep- 
resentation and identified as axial force (Px), bending mo- 
ments (Mz) and (My), transverse shear forces (Vy) and (Vz) 
and torsion (Tx). 

[0077] Once the raw data is collected, the information can be 
used to generate information to allow the proper shaft 
flex to be determined for an individual golfer. 

[0078] it is understood that a person of ordinary skill in the art of 



computer programming can create a program that will 
take the raw data, and manipulate the data such that the 
characteristics of the golf club during the golfer's swing 
can be pictorially displayed in a more useful, informative 
and user friendly manner. This will provide the golfer with 
useful feedback beyond just the physically measured nu- 
merical data. 

[0079] a similar procedure can be used in golf club design, for 
example, to improve the club head geometry, select ma- 
terials for the club head or shaft, or help locate weighting 
material within the club head. Furthermore, various tabu- 
lar, graphical, or other visual formats can be used to dis- 
play this raw data, including synchronization of the data 
with a camera for highlighting the golfer's swing area of 
maximum club head acceleration, hand rotation and shaft 
bending stress. 

[0080] | n addition, data from an individual golf swing or golf club 
design can be plotted against golf ball launch data associ- 
ated with that golf swing or design, so that changes can 
be suggested to improve distance and accuracy. 

[0081] Further, the data may be used to design a golf club that is 
appropriate for a specific type of golfer, or even for an in- 
dividual golfer. Various shafts may be utilized in the test- 



ing to determine which type of shaft may be appropriate 
for a specific type of golfer. The shafts may vary in length, 
thickness, flexibility, and the like. One example would 
have a golfer swing each type of shaft to determine which 
one was appropriate for that specific type of golfer. 

[0082] various club heads also may be utilized in the testing to 
determine which type of club head may be appropriate for 
a specific type of golfer. The club heads may vary in ma- 
terial composition, mass, weight placement (e.g. center of 
gravity purposes), and the like. As above, one example 
would have a golfer swing each type of club head to de- 
termine which one was appropriate for that specific type 
of golfer. Alternatively, the data may be used to determine 
an appropriate club head for a specific type of golfer. 

[0083] From the foregoing it is believed that those skilled in the 
pertinent art will recognize the meritorious advancement 
of this invention and will readily understand that while the 
present invention has been described in association with a 
preferred embodiment thereof, and other embodiments 
illustrated in the accompanying drawings, numerous 
changes, modifications and substitutions of equivalents 
may be made therein without departing from the spirit 
and scope of this invention which is intended to be unlim- 



ited by the foregoing except as may appear in the follow- 
ing appended claims. Therefore, the embodiments of the 
invention in which an exclusive property or privilege is 
claimed are defined in the following appended claims. 



